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Introduction
The adoption of information and communication technologies (ICT) is a pervasive phenomenon in developed countries and of growing importance for developing countries.
Since Solow (1987) wrote his article, there has been a huge debate on the impact of ICT on economic performance and, particularly, on productivity. For example, Acemoglu et al. (2014) present novel evidence that casts doubts on the positive association between ICT and productivity in the United States. However, in general, previous microeconomic evidence for several countries-in particular developed ones-shows that ICT might be an important driver of productivity.
Most firm-level studies in this literature show that investment in ICT is positively correlated with productivity (Black and Lynch, 2001; Bresnahan, Brynjolfsson, and Hitt, 2002; Bugamelli and Pagano, 2004; Greenan and Mairesse, 2000) 1 . There is also some evidence that ICT may facilitate innovation and, through this mechanism, affect productivity indirectly. Several studies find that ICT tends to be positively associated with different indicators of innovation, such as product, process, and organizational innovations (Hempell and Zwick, 2008; Higón, 2012; Koellinger, 2008; Morikawa; 2004) . Some authors also examine the complementary effects between ICT and other firm characteristics. In particular, Black and Lynch (2001) and Bresnahan, Brynjolfsson, and Hitt (2002) analyze the interactions among ICT, human capital, and organizational change.
More recently, Hall, Lotti, and Mairesse (2013) and Polder et al. (2009) explore the joint impact of research and development (R&D) and ICT investments on innovation and productivity. Hall, Lotti, and Mairesse (2013) study Italian firms, showing that R&D investment is more important for innovation than ICT investment, while ICT is more important than R&D for productivity. Polder et al. (2009) examine Dutch firms, finding differential effects of both investments across industries. Their results suggest that R&D only contributes to innovation in manufacturing while ICT affects positively all types of innovation in services but not in manufacturing. According to these authors, the industry differences in the impact of R&D and ICT are given by the fact that new ICT applications would be more relevant for firms in the services sector. The present study also analyzes empirically the importance of R&D and ICT investment for innovation, focusing on the effects in a developing country context.
The evidence for developing countries in these issues is relatively scarce. Some exceptions are Aboal and Tacsir (2015) for Uruguay; Commander, Harrison, and MenezesFilho (2011) for Brazil and India; and Gallego, Gutiérrez, and Lee (2014) for Colombia. The results in these papers are consistent with the idea that ICT relates positively with innovation and productivity.
The current paper contributes to this literature in two main aspects. First, we provide novel evidence for a developing country: Chile. Second, we look at differences across industries. In particular, we explore the impact of R&D and ICT on innovation in the services industry. This provides an interesting setting because, although the services industry has gained importance in Latin America countries, productivity has grown slowly in Chile since the end of the 1990s and the gap with developed countries is large (Pagés, 2010) . There is a concern that this productivity slowdown will persist and the gap will increase. Closing the technological gap may be crucial to increasing productivity in Chile.
Our findings indicate that ICT contributes positively to innovation and productivity in both the total sample and the services industry. Our results also show that ICT investment is more important than R&D investment in the services sector. We also find that ICT investment increases productivity directly and not only through innovation, suggesting how hard is to disentangle the indirect and direct effects of ICT investment on productivity. In sum, our results indicate that ICT has a potential to increase productivity in developing nations, particularly in the services industry.
Data
The data for this empirical analysis come from the 2007 and 2009 Longitudinal Enterprises Survey (Encuesta Longitudinal de Empresas, or ELE) provided by the Chilean Ministry of Economy. The sample of the survey, corresponding to formal firms in the Chilean economy, was stratified according to industry (1-digit of ISIC classification), size (6 segments according to sales), and geographical localization (13 regions). The ELE has been designed as a panel, and we use the information for more than 2,300 firms that are present in both years. Table 1 presents the total number of firms and the distribution across sectors. The retail and the manufacturing sectors have the highest distribution (23 percent and 13 percent, respectively), while financial services and utilities have the lowest (4 percent and 3 percent, respectively). Firms in the services sector represent 76 percent of the sample. The ELE provides detailed information on firm characteristics; in particular it collects data for R&D and ICT investments and innovation activities. The innovation surveys in Chile used in previous studies (Álvarez, Bravo-Ortega, and Navarro, 2010; Álvarez, Zahler, and BravoOrtega, 2010; Benavente, 2006; Crespi and Zúñiga, 2012) follow the Organisation for Economic Co-operation and Development (OECD) Oslo Manual and do not have information on ICT investment. With some minor changes between the two surveys, the ELE questionnaire has been structured according to the following 6 sections: accounting and financing, commercialization, management (including Innovation), human resources, and ICT. Table 3 describes the explanatory variables used in the estimation. About 12 percent of firms are exporters, while 9.5 percent are likely to export. The percentage of foreign firms is 7.4 percent, very similar to what is found for firms in the services sector. In terms of public support for innovation activities, 17.3 of firms have received public funds for innovation, higher than the incidence in services (15.5 percent). Regarding human capital, the percentage of skilled workers is about 15 percent in the total sample and 17.1 percent in the services sector.
In terms of employment, the average size is just over 200 workers for both samples, with less in the services sector than in the total sample. The percentage of firms doing on-line procedures is almost 86 percent. Finally, as expected, capital per worker is lower in services firms, about 38 percent of the capital per worker in the total sample. 
Methodology
Our main question is how ICT and R&D investments affect innovation in Chilean firms. In the case of R&D, it is widely documented that there is a close relationship between innovation and R&D investment. To explore the role of R&D and ICT as inputs for innovation, our methodology follows the empirical research line initiated by the influential work of Crépon, Duguet, and Mairesse (1998) , who analyze the relationship between R&D investment, innovation outcomes, and firm productivity. This approach is based on a multi-equation model that takes into account the whole process of innovation, thereby considering the firms' decisions to invest in innovation, the results of these efforts, and their impact on productivity. Given that we are also interested in the impact of ICT investment, we extend this methodology by including the firms' decisions to invest in ICT in a similar way to the modeling of R&D investment.
Following the CDM approach, our baseline model consists of a three-stage regression: (i) the firm's decision to invest in R&D and the intensity of the investment in R&D, 4 as well as the firm's decision to invest in ICT and the intensity of the investment in ICT; (ii) the knowledge production function looking at the impact of and ICT intensity on innovation outcomes; and (iii) the output production function, in which firm productivity is a function of innovation outcomes and other control variables.
First, we estimate a generalized Tobit that considers the decision and amount to invest in R&D and ICT. As previously discussed, the selection problem is particularly significant for R&D
given that only about 2 percent of the firms carry out this type of investment. Second, we use the predicted value of R&D and ICT intensity as the explanatory variable in the knowledge production function, 5 where the innovation outcome is measured by two alternative categorical variables that account for both technological and non-technological innovations. Finally, to analyze the impact of innovation on productivity, we use the predicted value of innovation outcomes as explanatory variables in the output production function. 6 In this last stage, we use sales per worker as a proxy of productivity. Also, to determine whether ICT affects directly productivity, we include the predicted value of ICT investment in the output production function.
R&D and ICT Investment
We rely on a generalized Tobit framework to model the decision and amount to invest in R&D and ICT. Hence, there are two linked equations: (i) the decision to invest and (ii) the amount of resources involved. More precisely, we assume that there exists a latent dependent variable for firm i's investment effort, given by the following equation:
,
where is a vector of explanatory variables, a vector of parameters, and an error term. The econometrician observes that resources are invested in R&D activities ( ) if is positive or larger than a given threshold.
We assume the following selection equation describing whether a firm is investing or not:
where ID is an observed binary variable equal to zero if a firm does not invest and 1 if it does invest, is the corresponding latent variable such that a firm decides to invest if it is above a certain threshold denoted by , and is a vector of explanatory variables. Conditional on investing, the observed investment ( ) is given by:
The system of equations (2) and (3) is estimated as a generalized Tobit model by maximum likelihood for both R&D and ICT investments.
The vector of explanatory variables W and Z closely follows those used by Crespi and Zúñiga (2012) . Therefore, we model the firm's decision to invest in R&D and ICT considering the following explanatory variables: 7
• Exporting: defined as dummy variable for exporters. This variable is used to capture the exposure to international markets that it is expected to increase R&D and ICT investments through greater competition and learning effects.
• Firm size: defined as the number of workers (in logs). Firm size is expected to affect the probability of investment positively.
• Foreign ownership: defined as a dummy variable for foreign-owned firms. We expect a positive effect if foreign-owned firms can access technological information that it is not available to domestic firms.
The set of explanatory variables for R&D intensity includes the corresponding variables defined above in addition to a variable measuring access to public financing for R&D (public finance). This is defined as a dummy variable that indicates whether the firm uses public to fund R&D investments. 8 In the case of ICT investment, the equation system is similar to R&D investment with some changes in the vector of explanatory variables that includes some specific determinants for this type of investment. The selection equation for ICT includes the following additional variables:
• Online: a dummy variable if the manager declares to have completed an online procedure. In this case, we expect that a higher demand for on-line activities-by, for example, clients or government agencies-will increase the probability of investing in ICT.
• ICT sector-region: the percentage of firms in the industry and region that invest in ICT. This is motivated by the literature suggesting that firms are more likely to adopt a new technology when other firms are doing the same. Basically, the idea is that there is reduction in the adoption cost.
The intensity equation for ICT also includes a human capital variable, defined as the share of skilled workers (with at least a college education). This type of investment is intensive in qualified workers (Bresnahan et al., 2002) , and thus we expect a positive impact of this variable on ICT.
The critical identification assumption on this methodology is the existence of some variables affecting the probability of investment in both R&D and ICT, but not affecting the investment intensity. For both variables, size is utilized as exclusion restriction and is included in the selection equation only. In this case, we are assuming that size increases the probability of investing because there are fixed costs associated with the investment in new technologies.
However, it does not affect the investment intensity, which is already expressed as per-worker.
In addition, for ICT investment and based on the idea of fixed costs of adoption, we include two other variables as exclusion restrictions: a dummy variable for online procedures and the percentage of firms in the sector and region that carry out investments in ICT. The first variable captures the impact of advances in technology, in particular in Internet connectivity access and speed, which have allowed firms to carry out more activities online (e.g., tax payments). The second variable is included because epidemiological models of technology adoption indicate that implementation is more likely when other agents are also taking advantage of these advancements.
Innovation Production Function
We construct two main indicators of innovation. As do several previous studies, the present study defines technological innovation as a dummy variable indicating if the firm declares having introduced either a product or process innovation. In the same way, we define non-technological innovation as a dummy variable indicating if the firm declares having introduced either a marketing or organizational innovation. Based on these indicators, we define a variable as "any innovation" if the firms introduces either technological or non-technological innovations.
We estimate separate probit models for both indicators: technological innovation and any innovation. These indicators are modeled as follows:
where TI (ANY) is equal to 1 whether the firm has introduced a technological (or any)
innovation; RDI * is the predicted value of the firm R&D investment (log of R&D investment per worker); ICTI * is the predicted value of the firm ICT investment (log of innovation investment per worker) from the estimated generalized Tobit equations described above; and Z is a vector of additional explanatory variables.
This instrumental variable estimation, given by inclusion of predicted values of R&D and
ICT investments, takes into account the potential endogeneity of both variables. The estimation includes the following additional explanatory variables: (i) firm size, (ii) a dummy variable for exporting firms, (iii) a dummy variable for foreign-owned firms, and (iv) the percentage of firms that innovate in the same region and sector. This last variable is included based on the literature of the spillover effects of innovation. In the presence of technological spillovers, a higher presence of innovators should increase the firm's probability of introducing innovation (Feldman, 1999) .
For this strategy to be valid, in addition to the inclusion of predicted values for R&D and ICT investments in the innovation equation, we need to include variables that affect both investments but not innovation directly. In this case, as described above, we include a dummy variable for access to public support for financing R&D projects. The assumption is that public financing affects investment, but not the probability of introducing innovations. Also, in the selection equations for the probability of R&D and ICT investment, we have introduced variable affecting ICT, but not R&D. In fact, the dummy for online procedures and the share of firms investing in ICT are only included in the ICT decision. Finally, following the idea that ICT investment is intensive in skilled workers (Bresnahan, Brynjolfsson, and Hitt, 2002) , the ICT investment equation includes a human capital variable that is not introduced in the R&D equation.
For Chilean firms, including all firms in the sample and for the services sector as well, we find a positive relationship between ICT investment and the introduction of technological and non-technological innovations. Figures 1 and 2 show the probability of introducing innovation for firms that invest above and below the average ICT investment in their respective industries. The evidence shows that introducing innovations is more likely for firms that invest above the average. 
Non--technological innova-on

Figure 2. ICT Investment and Technological and Non-technological Innovation: Services Sector
Source: Author's elaboration based on Longitudinal Enterprise Survey.
Productivity Function
We estimate the impact of innovation on productivity using the following specification:
where y is labor productivity (log of real sales per worker), k is log of capital per worker, and I* is some of the predicted probabilities of innovation from the previous estimation.
As additional covariates for explaining productivity, we include the size of the firms. Given that we include capital per worker as a control variable, we interpret the parameters associated with innovation outcomes as the impact on total factor productivity (TFP). Given that we have information for two rounds of the survey, we allow lagged effects of innovation on productivity.
All variables for investment and innovation are for 2007, and we measure productivity with information from 2009.
For identification purposes, we require some variables affecting innovation, but not affecting productivity. In this case, following the literature about technological spillovers (Feldman, 1999) , we include the percentage of firms that innovate in the same region and sector, with the assumption that a higher presence of innovators should increase the firm's probability of innovation, but not productivity. 
Main Results
This section discusses the estimation results for all firms in the sample. We first present the results for the R&D and ICT investment models (Table 4) and then for innovation and productivity (Table 5 ). Table 4 shows that size is important for the decision of investing in both R&D and ICT, and that larger firms are more likely to invest in each case. The results also indicate that the effect of being an exporter firm is positive for probabilities of investment in both R&D and ICT, and that foreign firms are more likely to invest in ICT, but not in R&D. In the case of ICT, the additional variables included in the estimation are both positive and significant, showing that online procedures and the prevalence of other firms investing in ICT increase the probability of firm ICT investment. With respect to the intensity equations (ICT and R&D investment per worker, in logs), exporting appears to be positively correlated with higher R&D and ICT investments. Also, foreign firms invest more in ICT, but not in R&D. Our results show that public financial support is not positively correlated with the investment in either of the two. Finally, our findings for human capital confirm the expected positive impact of this variable on ICT investment. Table 5 presents the estimation results for the innovation production function, where we use both the predicted investment in R&D and ICT-estimated in the first stage-as explanatory variables for the innovation probability. Our results suggest that R&D and ICT investments have a positive and significant effect on both indicators of innovation. The results for all other variables are similar across innovations indicators. We find that larger firms are more likely to innovate, but exporter and foreign firms are less likely to introduce innovations.
The evidence is, in general, consistent with the existence of innovation spillovers, because the higher prevalence of innovators in the region and sector increases the probability of introducing innovations. This is true for both innovation indicators. Table 4 . Table 6 shows the econometric results for the productivity function. To deal with endogeneity problems, we use the predicted values innovations obtained from the secondstage estimations. Our findings across specification with alternative measures of innovation indicate that this activity has positive and significant effect on total factor productivity. As expected, the results present a positive parameter for capital per worker, indicating that capital deepening increases labor productivity. In contrast, controlling for innovation and capital per worker, larger firms appear to be less productive. The last two columns of Table 6 introduce the predicted value of investment in ICT as an explanatory variable to test whether it influences productivity directly. The results indicate that innovation variables are not significant, but ICT investment has a positive and significant effect on productivity. This would suggest that ICT investment has a positive and direct impact on productivity and not indirectly through its impact on innovation. However, given that ICT and innovation are highly related, it is hard to push this result strongly. One could argue that these findings reveal how hard is to disentangle the direct and indirect effects of ICT investment on productivity. 
Results for the Services Sector
Innovation in the services sector has been a relatively unexplored topic, in particular compared with innovation in the manufacturing sector. 9 The main reason for the scarce evidence about services industry is because many researchers do not consider services as an innovative sector but rather as a user of technologies developed elsewhere (Gallouj and Savona, 2009; Tether and Howells, 2007) . Studies on services firms are interesting because the determinants of innovation and R&D may be different than those in other industries. Some studies have analyzed firm-level evidence on innovation in services and manufacturing industries, concluding that services sector is as innovative as the manufacturing sector.
Indeed, part of this sector is also significantly tradable and subject to the potential benefits coming from international competition.
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Tether (2005), using information for several European countries, finds that services firms do in fact innovate, although the propensity to innovate technologically is lower than in manufacturing firms. Tether finds some differences in the innovation orientation of services firms; for example, they are more likely to innovate in organization change than firms in the manufacturing industry. However, he concludes that there is no unique pattern of innovation among firms in this sector. 11 In addition, previous empirical evidence indicates that productivity is low in the services sector in Latin American countries when compared with productivity in more developed countries, and the economic importance of this sector has been growing in recent decades (Pagés, 2010) . Accordingly, it is relevant in these countries to study how ICT may help to close the productivity gap with rich countries in the services industry. Moreover, some studies have found that ICT investment may be more relevant for innovation than R&D investment in this sector (Polder et al., 2009) . Table 7 shows the regressions for the determinants of R&D and ICT investments, revealing a positive impact of exporting on R&D investment intensity and on the probability of investing in ICT. In contrast, foreign ownership of firms does not affect any of the investment variables. Similar to the findings for the total sample, larger firms are more likely to invest in both R&D and ICT. In the particular case of ICT investment, and similar to previous results, we find that a higher proportion of skilled workers increases the investment intensity, and that on-line procedures and a higher adoption rate from other firms increase the probability of ICT investment. Table 8 presents results for the second-stage regressions, looking at the relationship between investment in both R&D and ICT and innovation outcomes. In contrast with the results considering the total sample, we find that R&D does not have a significant effect on innovation for firms in the services sector. However, ICT investment has a positive and significant effect on both indicators of innovations. The evidence also shows that large firms are more likely to innovate, but the effects of exporting and foreign ownership on innovation are not robust. Table 7 . Table 9 shows the results for the impact of innovation on productivity. The results are consistent with previous empirical evidence for all firms in the sample and other countries,
showing that innovation has a positive impact on productivity. This is true for both innovation indicators. Further examining the potential indirect effect of ICT investment, the evidence suggests that ICT dominates the impact of innovation. When this variable-in its predicted value-is introduced in the estimation, the innovation variables turn out to be not significant. In summary, the services sector does not appear to be different from the rest of the economy in terms of the relationship of ICT investment with innovation and productivity. Our results show that ICT investment in this sector increases the probability of introducing innovations and that these innovations increase firm productivity. More important, ICT investment, rather than R&D investment, would be more relevant to increase productivity in the services industries.
Conclusions
Developing countries face the enormous challenge of closing the productivity gap with rich countries. According to previous studies, this is especially relevant for firms in the services sector, which, albeit its growing importance in the economy, still has a large productivity gap with other sectors. Given that ICT investment can help close this gap by increasing innovation and productivity, we study this issue using a sample of Chilean firms covering a wide range of industries, particularly in the services sector. Previous literature has mainly focused on the impact of R&D investment and few works have investigated how both R&D and ICT affect innovation in a developing country context. In fact, as the Chilean case demonstrates, the percentage of firms investing in ICT is substantially larger than that of firms investing in R&D; thus, it seems plausible that investment in ICT may be a more relevant driver of innovation in this context.
Our results illustrate how ICT investment can contribute to closing this gap. In fact, in all of our estimations, we find that ICT enhances innovation outcomes, independent of the innovation measures and industries considered. Moreover, our results suggest that innovation variables are not significant when ICT investment is included in the productivity equation.
Nevertheless, given that ICT investment and innovation outcomes are highly correlated, it is important to consider these results carefully. Our interpretation is that these findings reveal how hard is to disentangle the direct and indirect effects of ICT investment.
Our empirical analysis reveals some differences in terms of determinants and effects of ICT and R&D investments in the services industries. Similar to Polder et al. (2009) , which uses information for Dutch firms, our results indicate that ICT investment is more important than R&D investment in the services sector. In fact, R&D is not a significant determinant of innovation in services industries. This is interesting evidence when considering which type of investment should highlighted for enhancing innovation and productivity in services.
Regarding the determinants of ICT, our results reveal the importance of firm size, human capital, experience with online procedures, and potential externalities in the adoption of ICT.
In contrast, public support is not associated with higher ICT investment, casting doubt on how public programs have contributed in this respect. More research is needed to uncover how these programs may be associated with investment in ICT to increase innovation and productivity in services.
